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MULT I CARRI ER COMMUNICATION APPARATUS, MULTICARRIER 
COMMUNICATION SYSTEM, AND TRANSMISSION POWER CONTROL 
5 METHOD 



Technical Field 

[0001] The present invention relates to multimedia 
communication apparatus, a multicarrier communication 

10 system and a transmission power control method, and 
particularly relates to multicarrier communication 
apparatus, a multicarrier communication system, and a 
transmission power control method for individually 
controlling transmission power of a plurality of 

15 subcarriers . 

Background Art 

[0002] In recent years, various information other than 
speech such as images and data etc. has become the subject 

20 of transmission in mobile communication . Thi s means that 
requirements with regards to high reliability and 
high-speed transmission have increased. However, in the 
event that high-speed transmission is carried out in 
mobile communication, the influence of wave delays due 

25 to multi-paths cannot be ignored, and cause deterioration 
in transmission characteristics due to 

frequency- selective fading. 
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[0003] Multicarrier communication typified by OFDM 
(Orthogonal Frequency Division Multiplexing) methods are 
noted as one technology for counteracting 
frequency-selective fading. Multicarrier 

5 communication is technology for carrying out high-speed 
transmission by carrying out data transmission using a 
plurality of subcarriers for which transmission speed 
is suppressed to an extent where frequency-selective 
fading does not occur. In particular, with OFDM methods, 

■ 

10 the frequencies of the plurality of subcarriers on which 
data is arranged are mutually orthogonal. The frequency 
utilization efficiency is therefore the highest within 
multicarrier communication and can be implemented with 
comparatively simple hardware. Because of this, OFDM 

15 methods are noted as a candidate communication method 
for adoption in fourth generation mobile communication 
and are currently being subjected to various 
examinations . 

[0004] For example, in non-patent document 1, the 
20 application of transmission power control typically 
employed in C DMA (Code Division Multiple Access) method 
communication in OFDM methods is being examined. 
Non-patent document 1 discloses technology for 
individually controlling transmission power of a 
25 plurality of subcarriers . 

[0005] The operation for individually controlling 
transmission power of the subcarriers is described giving 
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a specific example with reference to FIG.1A and FIG. IB. 
[ 0006] FIG.1A is a view showing power of each subcarrier 
before carrying out transmission power control. A 
description is given of the case for controlling 
5 transmission power of six mutually orthogonal subcarriers 
of frequency fi to f 6 . 

[ 0007 ] The power of each subcarrier is taken to be, for 
example, 10 for subcarrier of frequency f lf 8 for 
subcarrier of frequency f 2 , 6 for subcarrier of frequency 

10 f 3 , 5 for subcarrier of frequency f 4/ 3 for subcarrier 
of frequency f 5 , and 2 for subcarrier of frequency f 6 . 
It is further taken that transmission data is modulated 
using the QPSK (Quadrature Phase Shift Keying) method. 
[0008] Under the conditions described above, at a 

15 receiving apparatus, when target transmission power per 
bit for obtaining the desired SIR (Signal to Interference 
Ratio) is taken to be 3, target transmission power for 
one symbol (i.e. two bits) is 6 because transmitted data 
is modulated using the QPSK method. This target 

20 transmission power can be determined at either 
transmission apparatus or receiving apparatus. 
[0009] In the case of deciding using transmission 
apparatus, received power at receiving apparatus for 
subcarriers for all of the frequencies fi to f 6 is fed-back 

25 to the transmission apparatus , and target transmission 
power is determined based on these received powers taking 
into consideration transmission path loss. 
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[0010] On the other hand, in the case of deciding at 
receiving apparatus, target transmission force occurring 
at a transmission apparatus is determined from the 
received power occurring at the receiving apparatus, and 
5 transmission power control commands (hereinafter 
abbreviated to "TPC") relating to the respective 
subcarriers are fed-back to the transmission apparatus 
in such a manner that the transmission power each 
subcarrier becomes the target transmission power. 

10 [0011] As shown in FIG. IB, the transmission apparatus 
exerts control in such a manner that transmission power 
of each subcarrier becomes a target transmission force 
of 6 according to target transmission power determined 
by the subject apparatus or TPC commands for each 

15 subcarrier fed- back from the receiving apparatus. 

[0012] Namely, the power of subcarrier of frequency f x 
is reduced by 4, the power of subcarrier of frequency 
f 2 is reduced by 2, the power of subcarrier of frequency 
f3 remains the same, the power of subcarrier of frequency 

20 f 4 is increased by 1, the power of subcarrier of frequency 
f 5 is increased by 3, and the power of frequency f 6 is 
increased by 4 . 

[0013] It is then possible to suppress the generation 
of peak power specific to multicarrier communication by 
25 carrying out transmission power control, and it is 
possible to achieve the desired SIR at the receiving 
apparatus . 
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(Non-patent Document 1) Yoshiki, Sanpei, Morinaga: 
"Performance of a Multilevel Transmit Power Control 
Scheme for the OFDM Subcarrier Adaptive Modulation 
System", Technical Report of IEICE. SSE2000-71, 
5 RCS2000-60 (2000-07), pp. 63-68. 



Disclosure of Invention 

Problems to be Solved by the Invention 

[0014] However, in the case of individually controlling 

10 transmission power every subcarrier, it becomes necessary 
for the receiving apparatus to feed back received power 
for each subcarrier or TPC commands relating to each 
subcarrier and there is therefore pressure applied to 
channel capacity of channels going from receiving 

15 apparatus to transmission apparatus. In particular, in 
the case where the number of subcarriers is large, the 
amount of information to be fed-back is enormous . 
[0015] Further, in this transmission power control, as 
described above, control is exerted in such a manner that, 

20 for example, power of subcarrier of frequency f 1 is lowered 
by 4, and power of subcarrier of frequency f 6 is increased 
by 4, so that the power of each subcarrier becomes the 
target transmission power. Here, in the event that 
fluctuation in frequency-selective fading is substantial 

25 etc., the range of fluctuation from power of each 
subcarrier prior to transmission power control becomes 
large so that, for example, amplifiers etc. of a large 
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dynamic range become necessary. 

[0016] Further, in the event of controlling transmission 
power using TPC commands, transmission power is increased 
or reduced for each TPC command control range. When the 
5 range of fluctuation from the target transmission power 
is substantial, a long period of time is required until 
the transmission power converges on the target 
transmission power. 

[0017] In order to take into consideration the above 
10 problems, it is therefore an object of the present 
invention to provide a multicarrier communication 
apparatus, a multicarrier communication system, and a 
transmission control method capable of reducing the 
amount of information required for feedback, making the 
15 range of transmission power fluctuation small, and 
rapidly converging to a target transmission power. 

Means for Solving the Problem 

[0018] A multicarrier communication apparatus of the 
20 present invention adopts a configuration comprised of 
a superimposing section superimposing corresponding 
transmission symbols with groups of subcarriers that are 
a plurality of subcarriers combined together in 
predetermined numbers, a control section controlling 
25 combined transmission power of the groups of subcarriers 
the transmission symbols are superimposed upon, and a 
transmission section transmitting multicarrier signals 
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obtained by controlling the combined transmission power. 
Namely, the present invention puts a plurality of 
subcarriers contained in a multicarrier signal into small 
groups of subcarriers, controls combined power of each 
group of subcarriers, and ensures that a transmission 
power per bit of transmission data superimposed with these 
subcarriers becomes a target transmission power. 

Advantageous Effect of the Invention 

[0019] According to the present invention, the amount 
of information required as feedback is reduced, a range 
of fluctuation in transmission power i^ made smaller, 
and rapid convergence on a target transmission power is 
possible . 

Brief Description of the Drawings 
[0020] 

FIG.1A is a view showing an example transmission power 
control operation of the related art; 

FIG. IB is a further view showing an example transmission 
power control operation of the related art; 
FIG. 2 is a block diagram showing essential parts of a 
configuration for receiving apparatus of a first 
embodiment ; 

FIG. 3 is a block diagram showing an internal configuration 
for a control signal generating section of the first 
embodiment ; 
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FIG. 4 is a block diagram showing the essential parts of 
a configuration for a transmission apparatus of the first 
embodiment ; 

FIG.5A is a view showing an example of a transmission 
5 power control operation of the first embodiment; 

FIG . 5B is aviewshowinga further example of a transmission 
power control operation of the first embodiment; 
FIG. 6 is a block diagram showing the essential parts of 
a configuration for a transmission apparatus of a second 
10 embodiment; and 

FIG. 7 is a block diagram showing an internal configuration 
for a modulation diversity section of the second 
embodiment . 

15 Best Mode for Carrying Out the Invention 

[0021] The following is a detailed description with 
reference to the drawings of preferred embodiments of 
the present invention. 
[0022] (First Embodiment) 
20 FIG. 2 is a block diagram showing the essential parts 

of a configuration for receiving apparatus of a first 
embodiment of the present invention. The receiving 
apparatus shown in FIG. 2 is comprised of a wireless 
receiving section 100, GI (Guard Interval) removing 
25 section 102, FFT (Fast Fourier Transform) section 104, 
combining section 106, demodul a t ion s e ct i on 1 0 8 , decoding 
section 110, received power measuring section 112, 
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control signal generating section 114, and wireless 
transmitting section 116. 

[0023] Wireless receiving section 100 receives signals 
via an antenna and subjects the received signals to 
5 predetermined wireless receiving processing (down 
conversion, A/D conversion, etc.) . 

[0024] GI removing section 102 removes guard intervals 
inserted in received signals. A "guard interval" is a 
section for each symbol of a multicarrier signal where 
10 an end section of a symbol is duplicated at the head. 
[0025] F FT section 104 performs a high-speed Fourier 
transformation on the received signal and divides up data 
each subcarrier. 

[0026] Combining section 106 combines subcarriers 
15 constituting pairs in accordance with information 

relating to pairs of subcarriers described later and 

outputs this to demodulation section 108. 

[0027] Demodulation section 108 demodulates pairs of 

combined subcarriers and output demodulated data to 
20 decoding section 110. 

[0028] Decoding section 110 then decodes the demodulated 

data and outputs the decoded data. 

[0029] Received power measuring section 112 measures 
received power of each subcarrier of the received signal 
25 and output measurement results to control signal 
generating section 114. 

[0030] Control signal generating section 114 generates 



9 



4* , 

I 

2F04150-PCT 

a control signal for carrying out transmission power 
control for the transmission apparatus described later 
in accordance with received power measurement results 
for each subcarrier in such a manner that the received 
5 power occurring at the subject apparatus becomes the 
target received power. 

[0031] Specifically, control signal generating section 
114 is comprised of subcarrier pair determination section 
1142, target power storage section 1144, and command 

10 producing section 1146, as shown in FIG . 3 . 

[0032] Subcarrier pair determination section 1142 puts 
a plurality of subcarriers contained in a multicarrier 
signal into pairs, notifies combining section 106 of 
information pertaining to these pairs of subcarriers, 

15 combines received power of each subcarrier pair, and 
outputs obtained combined received power to command 
producing section 1146. 

[0033] It is preferable for the frequencies of the 
subcarriers of the pairs of subcarriers to be 

20 significantly different. By adopting pairs of 

subcarriers of substantially different frequencies, if 
one subcarrier deteriorates substantially due to 
frequency-selective fading, the possibility that the 
other subcarrier will not have deteriorated that much 

25 is high . 

[0034 ] Further, in this embodiment, it is taken that the 
subcarrier pairs are already determined according to 
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frequency but it is also possible for this to be determined 
along with adjustment according to received power each 
subcarrier measured by received power measuring section 
112. In the event that the subcarrier pair is variable, 
5 transmission apparatus described later is notified of 
the determined subcarrier pair. 

[0035] Target power storage section 1144 stores target 
power for received power in such a manner that SIR of 
the own apparatus becomes the desired SIR. For example, 

10 received power per bit is stored as the target power. 
If the modulation method is then QPSK , as two bits are 
included for one symbol, the target received power for 
one symbol is twice the target power stored in the target 
power storage section 1144. Similarly, if the modulation 

15 method is 16QAM, then 4 bits are included for one symbol. 
The target received power for one symbol is then 4 times 
the target power stored in the target power storage section 
1144. The target received power for one symbol is 
therefore the target received power for one subcarrier. 

20 Further, the target received power for a pair of 
subcarriers is twice the target received power for one 
subcarrier . 

[0036] The command producing section 1146 compares 
combined received power for the respective pairs of 
25 subcarriers and target received power, produces a command 
indicating the difference in power of these two received 
powers, and generates a control signal containing the 
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produced command. The difference in power indicated by 
this command indicates the necessary amount of increase 
or reduction for combined transmission power of each pair 
of subcarriers so that if the combined transmission power 
for each subcarrier pair is increased or decreased by 
this difference in power, then the combined received power 
for subcarrier pairs received at the subject apparatus 
will become equal to the target received signal power. 
[0037] This means that commands for only half the number 
of subcarriers are made overall because commands are made 
so as to correspond to pairs of subcarriers . 
[0038] Again referring to FIG. 2, wireless transmitting 
section 116 shown in FIG. 2 subjects a control signal 
outputted from control signal generating section 114 to 
predetermined wireless transmission processing (D/A 
conversion, up-convers ion , etc.) for transmission via 
an antenna . 

[0039] FIG. 4 is a block diagram showing the essential 
parts of a configuration for a transmission apparatus 
of this embodiment. The transmission apparatus shown in 
FIG . 4 is comprised of an encoding section 200, repetition 
section 202, modulation section 204, multiplexer 206, 
S/P converter 208, IFFT (Inverse Fast Fourier Transform) 
section 210, transmission power control section 212, GI 
insertion section 214, wireless transmitting section 216, 
wireless receiving section 218, and control signal 
decoding section 220. 
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[0040] Encoding section 200 encodes transmitted data and 
outputs obtained encoded data to repetition section 202. 

[0041] Repetition section 202 duplicates (repetition) 
each bit constituting the encoded data and outputs encoded 
5 data that has doubled in length to modulation section 
204 . 

[0042] Modulation section 204 modulates encoded data 
outputted by repetition section 202 and outputs the 
obtained encoded data to multiplexer 206. In this 

10 embodiment, modulation section 204 employs 16QAM as a 
modulation method. Four bits therefore constitute one 
symbol. However, because repetition is carried out by 
the repetition section 202, then two of each of the same 
symbol are obtained, and the amount of information it 

15 is possible to transfer per unit time is the same as the 
case of using QPSK as the modulation method. 
[0043] Multiplexer 206 multiplexes modulation data 
outputted by the modulation section 204 and existing pilot 
data and outputs the obtained multiplexed symbol to S/P 

20 converter 208 . 

[0044] S/P converter 208 subjects multiplexed symbols 
to serial/parallel conversion, and outputs multiplexed 
symbols for a plurality of sequences to IFFT section 210. 
S/P converter 208 carries out serial/parallel conversion 

25 in such a manner that two of the same symbols obtained 
by repetition are superimposed on the same subcarrier 
pa i r . 
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[0045] IFFT section 210 subjects the plurality of 
sequences of multiplexed symbols outputted by S/P 
converter 208 to inverse fast Fourier transformation for 
superimposition on a plurality of subcarriers . At this 
time, IFFT section 210 superimposes the same multiplexed 
symbols on a pair of subcarriers, as described above. 
[0046] Transmission power control section 212 controls 
transmission power of each subcarrier in accordance with 
commands for transmission power control contained in 
control signals sent by the receiving apparatus and 
outputs multicarrier signals containing these 
subcarriers to GI insertion section 214. Specifically, 
transmission power control section 212 calculates 
combined power for pairs of subcarriers and increases 
or decreases calculated combined power by a power 
difference indicated by a command contained in the control 
signal. Namely, in the case that, for example, a command 
indicates to increase the power by 4, transmission power 
control section 212 increases power of the subcarriers 
constituting a pair by 2 each. 

[0047] GI insertion section 214 inserts guard intervals 
by duplicating bits at the end portion of the multicarrier 
signal for addition to the head. 

[0048] After insertion of guard intervals, wireless 
transmitting section 216 subjects the multicarrier signal 
to predetermined wireless transmission processing (D/A 
conversion, up conversion etc.) for transmission via an 
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antenna . 

[0049] Wireless receiving section 218 receives control 
signals transmitted by the receiving apparatus and 
subjects these signals to predetermined wireless 
receiving processing (down conversion, A/D conversion, 
et c . ) . 

[0050] Control signal decoding section 220 decodes 
received control signals and outputs commands for 
transmission power control contained in these control 
signals to transmission power control section 212. 

[0051] Next, a description is given of a specific example 
of a transmission power control operation by a receiving 
apparatus and transmission apparatus of the embodiment 
of the configuration described above. 

[0052] First, a multicarrier signal is received by 
wireless receiving section 100 of the receiving apparatus 
of this embodiment shown ' in FIG. 2 and predetermined 
wireless receiving processing (down conversion, A/D 
conversion etc.) iscarriedout. Guard intervals are then 
removed from the multicarrier signal by GI removing 
section 102, the signal is subjectedto high-speed Fourier 
transformation by FFT section 104, and is divided into 
a plurality of subcarriers. 

[0053] Thepluralityof subcarriers is then combined into 
pairs of subcarriers by combining section 106 in 
accordance with notification from subcarrier pair 
determination section 1142 within control signal 
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generating section 114. As the same symbols are 
superimposed with pairs of subcarriers, it is possible 
to compensate for the influence of fading incurred by 
alternate subcarriers. Pairs of combined subcarriers 
5 are then demodulated by demodulation section 108, decoded 
by decoding section 110, and decoded data is obtained. 
[0054] On the other hand, received power of a plurality 
of subcarriers is measured by received power measuring 
section 112. The measured received power of each 
10 subcarrier is then outputted to subcarrier pair 
determination section 1142 within control signal 
generating section 114. 

[0055] Combined received power of pairs of subcarriers 
determined beforehand is then calculated by subcarrier 

15 pair determination section 1142 and outputted to command 
producing section 1146. Further, combining section 106 
is notified of subcarrier pair information. 
[0056] Combined received power of the subcarrier pairs 
is then compared with target received power stored in 

20 target power storage section 1144 by command producing 
section 1146, and a command indicating difference in power 
of the combined received power and the target received 
power is produced. The target received power is received 
power for making SIR at the receiving apparatus become 

25 the desired SIR. The received power may then be increased 
or reduced by increasing or reducing the transmission 
power at the transmission apparatus in accordance with 
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the produced command so that the desired SIR is realized. 
[0057] After the control signal has been included, the 
command made by the command producing section 1146 is 
subjected to predetermined wireless transmission 
5 processing (D/A conversion, up conversion, etc.) by 
wireless transmitting section 116 and is transmitted via 
an antenna . 

[0058 ] The commands are made to correspond with pairs 
of subcarriers . This means that a number of commands that 

10 is half the number of subcarriers is fed back rather than 
feeding back information for transmission power control 
each subcarrier. It is therefore possible to reduce the 
amount of information required to be fed back for 
transmission power control. 

15 [0059] Further, in this embodiment, combined received 
power and target received power is compared for pairs 
of subcarriers. However, subcarriers do not have to be 
put into pairs, but may also be put into groups of three 
or more, with combined received power and target received 

20 power then being compared. In the case of groups of three 
or more subcarriers, one command is made for each group 
of subcarriers. This makes it possible to reduce the 
amount of information required to be fed back even further. 
[0060] The control signal transmitted by the receiving 

25 apparatus of this embodiment is received by wireless 
receiving section 218 of the transmission apparatus of 
this embodiment shown in FIG. 4, and predetermined 
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wireless receiving processing (down conversion, A/D 
conversion etc.) is carried out. This control signal is 
then decoded by control signal decoding section 220 and 
a command contained in the control signal is outputted 
to transmission power control section 212. 
[ 0061 ] On the other hand, transmission data transmitted 
by this transmission apparatus is encoded by encoding 
section 200 and repetition is carried out by repetition 
section 202. The repetition by repetition section 202 
is carried out in such a manner as to double each bit 
of encoded transmission data. As a result of carrying 
out repetition in this manner, superimposition of the 
same bit on both subcarriers constituting a pair becomes 
possible. Namely, in this embodiment, the repetition 
section 202 duplicates each bit so as to cause doubling 
in order to control transmission power of pairs of 
subcarriers. However, in the case of controlling 
transmission power taking groups of three subcarriers, 
the repetition section 202 replicates each bit three 
time s . 

[0062] Transmission data subjected to repetition is 
modulated by the modulation section 204 using the 16QAM 
method. Namely, the encoded bits are such that every four 
bits constitutes one symbol. At this time, the same bit 
is modulated two at a time because repetition has been 
carried out by the repetition section 202. Because of 
this, the same symbol is outputted two at a time from 
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the modulation section 204. The amount of information 
it is possible for modulation section 204 to transfer 
per unit time when carrying out modulation using the 16QAM 
method is therefore the same as the case of carrying out 
5 QPSK method modulation. 

[0063] Further, in the event that 6 4 QAM modulation is 
carried out by modulation section 2 04 during transmission 
power control taking three subcarriers as a group rather 
than pairs of subcarriers, the amount of information it 

10 is possible to transfer per unit time is the same as the 
case of carrying out modulation using the QPSK method. 
[0064] Modulation data obtained through modulation is 
multiplexed with pilot data by multiplexer 206 and 
multiplexed symbols are outputted to S/P converter 208. 

15 The multiplexed symbols are serial /parallel converted 
by S/P converter 208 and a plurality of multiplexed symbols 
are outputted to IFFT section 210 in parallel. 
[0065] Serial /parallel conversion by S/P converter 208 
is carried out in such a manner that two of the same 

20 multiplexed symbols are respectively superimposed with 
pairs of subcarriers. Namely, two of the same multiplexed 
symbols are outputted from the multiplexer 206 as a result 
of repetition. However, rather than carrying out 
serial/parallel conversion in such a manner that the same 

25 multiplexed symbols are superimposed with subcarriers 
of adjacent frequencies, the S/P converter 208 carries 
out conversion in such a manner that pairs of subcarriers 
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with substantially different frequencies are 
superimposed with each other. 

[0066] Multiplexed symbols outputted in parallel from 
S/P converter 208 are subject to inverse fast-Fourier 
5 transformation by IF FT section210 soas tobe superimposed 
with a plurality of subcarriers . At this time, the same 
multiplexed symbols are superimposed with pairs of 
subcarriers. The subcarriers superimposed with the 
multiplexed symbols are then outputted to transmission 
10 power control section 212 and transmission power control 
is carried out. 

[0067] In the following, a description is given of a 
specific example of transmission power control of the 
transmission power control section 212. 

15 [ 0068 ] FIG.5A is a view showing an example of power of 
subcarriers outputted by IFFT section 210. Here, six 
subcarriers #1 to #6 for frequencies fi to f 6 are outputted 
and it is taken that power of subcarrier #1 is 10, power 
of subcarrier #2 is 8, power of subcarrier #3 is 6, power 

20 of subcarrier #4 is 5, power of subcarrier #5 is 3, and 
power of subcarrier #6 is 2. Here, subcarrier #1 and 
subcarrier #4, subcarrier #2 and subcarrier #5, and 
subcarrier #3 and subcarrier #6 are respectively taken 
to be pairs of subcarriers. As described above, the same 

25 multiplexed symbols are superimposed on pairs of 
subcarriers . 

[0069] In order to carry out comparison with the related 
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art described above in a straightforward manner, at the 
receiving apparatus of this embodiment, it is taken that 
a command is produced to reduce combined transmission 
power for the pair of subcarrier #1 and subcarrier #4 
5 by 3, a command is produced to increase combined 
transmission power for the pair of subcarrier #2 and 
subcarrier #5 by 1, and a command is produced to increase 
combined transmission power for the pair of subcarrier 
#3 and subcarrier #6 by 4. Namely, commands where 
10 combined transmission power for each subcarrier are taken 
to be 12, in other words, commands to make transmission 
power per one subcarrier becomes 6 are sent from the 
receiving apparatus . 

[0070] In this embodiment, because the combined 
15 transmission power of subcarrier #1 and subcarrier #4 
is taken to be 12, transmission power of subcarrier #1 
is reduced to 8.5 and transmission power of subcarrier 
#4 is reduced to 3.5. Namely, a command indicating for 
the combined transmission power to be reduced by 3 is 
20 transmitted from the receiving apparatus for the pair 
of subcarriers . The transmission power of the pair of 
subcarrier #1 and subcarrier #4 are then each reduced 
by 1.5. 

[0071] Similarly, because the combined transmission 
25 power of subcarrier #2 and subcarrier #5 is taken to be 
12, transmission power of subcarrier #2 is increased to 
8.5 and transmission power of subcarrier #5 is increased 
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to 3.5. Namely, a .command indicating for the combined 
transmission power to be increased by 1 is transmitted 
from the receiving apparatus for the pair of subcarriers. 
The transmission power of the pair of subcarrier #2 and 
subcarrier #5 are then each increased by 0.5. 
[0072 ] Further, because the combined transmission power 
of subcarrier #3 and subcarrier #6 is taken to be 12, 
transmission power of subcarrier #3 is increased to 8 
and transmission power of subcarrier #6 is increased to 
4. Namely, a command indicating for the combined 
transmission power to be increased by 4 is transmitted 
from the receiving apparatus for the pair of subcarriers . 
The transmission power of the pair of subcarrier #3 and 
subcarrier #6 are then each increased by 2. 
[0073] As a result, transmission power of each of 
subcarriers #1 to #6 becomes as shown in FIG.5B. 
Comparing FIG.5B with FIG. IB, with regards to the 
transmission power of each subcarrier in FIG. IB being 
equal at 6, it can be seen that transmission power of 
each of the subcarriers in FIG.5B are not the same. 
[0074] However, in FIG.5B, the combined transmission 
powers for the pair of subcarrier #1 and subcarrier #4, 
subcarrier #2 and subcarrier #5, and subcarrier #3 and 
subcarrier #6 are all equal to 12 . As the same multiplexed 
symbols are superimposed at subcarriers of each pair, 
total transmission power per 1 bit of transmission data 
is the same as the case in FIG.5B and the case in FIG. IB. 
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[ 0075] On the other hand, in the related art, 
transmission power of subcarriers is made the same at 
6 and it was therefore necessary to increase of decrease 
transmission power of the subcarriers (subcarriers of 
5 frequency fl and frequency f6) by a maximum of 4. With 
regards to this, according to this embodiment, it is 
sufficient to increase transmission power of subcarrier 
#3 and subcarrier #6 by 2, respectively, at the most. 
The necessary range of fluctuation of transmission power 

10 can therefore be made smaller by controlling combined 
transmission power by putting subcarriers into pairs. 
[0076] A multicarrier signal containing subcarriers 
subject to transmission power control is inserted with 
guard intervals as a result of GI insertion section 214 

15 duplicating end portions for addition to a top portion, 
subjected to predetermined wireless processing (D/A 
conversion, up conve r s ion , etc.) by wi r e 1 e s s t r ansmi 1 1 ing 
section 216 and transmitted via an antenna. 
[0077] The transmitted mult icarrier signal is received 

20 by the receiving apparatus of this embodiment, combined 
into subcarrier pairs, and demodulated and decoded. 
[0078] According to this embodiment, receiving 

apparatus feeds back a command indicating a difference 
in power between combined received power for a pair of 

25 subcarriers to transmission apparatus. The transmission 
apparatus then increases or decreases the combined 
transmission power of each pair of subcarriers by just 
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the difference in power indicated by the fed-back command . 
The amount of information it is necessary to feed back 
is therefore reduced, the range of fluctuation in 
transmission power is made smaller, and rapid convergence 
5 to a target transmission power is possible compared to 
the case of causing the transmission power for each 
subcarrier to fluctuate towards individual target 
transmission powers. 

10 [0079] (Second Embodiment) 

A feature of a second embodiment of the present invention 
is the point of super impos it ion on respective pairs of 
subcarriers constituted by an in-phase component 
(hereinafter referred to as I (In-phase) component) and 

15 quadrature component (hereinafter referred to as Q 
(Quadrature) component) separated during modulation 
divers i t y . 

[0080] The configuration of receiving apparatus of this 
embodiment is the same as for receiving apparatus of the 

20 first embodiment and is therefore not described. 

[0081] FIG. 6 is a block diagram showing the essential 
parts of a configuration for a transmission apparatus 
of this embodiment. In the same drawing, portions the 
same as those of FIG. 4 are given the same numerals and 

25 are not described. The transmission apparatus of this 
embodiment has the configuration of the transmission 
apparatus of the first embodiment with repetition section 
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202 removed and a modulation diversity section 300 added. 
[0082] Modulation diversity section 300 separates 
symbols obtained as a result of demodulation by 
demodulation section 204 into I components and Q 
5 components, combines by substituting either one of these 
components with another symbol component and outputs the 
result . 

[0083] Specifically, as shown in FIG. 7, modulation 
diversity section 300 is comprised of rotating section 

10 3001, IQ separation section 3002, buffer 3003, buffer 
3004, interleaver 3005, and combining section 3006. 
[0084] Rotating section 3001 rotates symbols modulated 
using the QPSK method by the modulation section 204 through 
26.6 degrees in an IQ plane. As a result, the position 

15 of a symbol then moves to some point on a 16QAM signal 
point arrangement. Further, by carrying out movement in 
this manner, it is possible to specify symbol position 
from just one of an I component or Q component of a symbol . 
[0085] IQ separation section 3002 separates an I 

20 component and Q component of a symbol after separation. 
[0086] Buffer 3003 temporarily stores separated I 
components of symbols. 

[0087] Buffer 3004 temporarily stores separated Q 
components of symbols. 
25 [0088] Interleaver 3005 interleaves a Q component stored 
in buffer 3004 and decides upon a Q component to be combined 
with an I component outputted from buffer 3003. A 
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description is now given of interleaving performed by 
interleaver 3005. 

[ 0089] As an example, it is taken that symbols #1 to #6 
modulated using the QPSK method are outputted in order 
5 from modulation section 204. At this time, after being 
rotated by rotating section 3001, I components #1 to #6 
for each symbol are temporarily stored in buffer 3003, 
and Q components #1 to #6 are temporarily stored in buffer 
3004 . 

10 [0090] Interleaver 3005 interleaves Q components #1 to 
#6, with, for example, Q component #4 being outputted 
at the same time as I component #1 is outputted from buffer 
3003. After this, interleaver 3005 outputs Q component 
#5 at the same time as I component #2, outputs Q component 

15 #6 at the same time as I component #3, outputs Q component 
#1 at the same time as I component #4, outputs Q component 
#2 at the same time as I component #5, and outputs Q 
component #3 at the same time as I component #6. Namely, 
interleaver 3005 pairs symbols outputted by modulation 

20 section 204 into groups of two, and performs interleaving 
in such a manner that only one of an I component of a 
Q component is substituted between this pair of symbols. 
[0091] Combining section 3006 combines I components 
outputted from buffer 3003 and Q components outputted 

25 from interleaver 3005 and outputs this to multiplexer 
206 . 

[0092 ] In this embodiment, a difference from the first 
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embodiment is that transmission data is modulated by the 
QPSK method rather than carrying out repetition on the 
transmission data. However, each symbol is moved to some 
point of a 16 QAM signal point arrangement as a result 
5 of symbol positions being rotated in an IQ plane by rotating 
section 3001. A moved symbol is replaced with a symbol 
constituting a pair with the Q-component of this symbol 
and is outputted from modulation diversity section 300. 
[0093] By doing this, in the case where each symbol is 

10 superimposed with a subcarrier of a different frequency 
and transmitted, the possibility of one of the I component 
or the Q component being correctly received without being 
subjected to the influence of fading can be made high. 
If one of the I component or the Q component is correctly 

15 received, it is possible to specify symbol position in 
the IQ plane of the original symbol. 

[0094] Next, a description is given of a transmission 
power control operation for transmission apparatus of 
the configuration described above. 

20 [0095] First, transmission data is encoded by encoding 
section 200 and modulated using the QPSK method by 
modulation section 204 . A symbol obtained by modulation 
using the QPSK method is then rotated through 26. 6 degrees 
by rotating section 3001 within modulation diversity 

25 section 300, and separated into an I component and a Q 
component by IQ separation section 3002. 

[ 0096] The separated I component and Q component are then 
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temporarily stored in buffer 3003 and buffer 3004 
respectively.' After this, continuing on, I components 
and Q components for symbols modulated using the QPSK 
method are stored in buffer 3003 and buffer 3004, 
5 respectively. 

[0097 ] When I components and Q components corresponding 
to a predetermined number of symbols are stored, the I 
component stored first is output from buffer 3003 to 
combining section 3006. On the other hand, stored Q 

10 components are outputted from buffer 3004 to interleaver 
3005 and interleaved, and Q components for symbols 
constituting pairs with symbols containing I components 
outputted to combining section 3006 are outputted to 
combining section 3006. As a result, each symbol is 

15 substituted with a symbol with which the Q component 
constitutes a pair and is outputted to multiplexer 206. 
[0098] Symbols outputted from modulation diversity 
section 300 are multiplexed with existing pilot data by 
multiplexer 206, serial/parallel converted by S/P 

20 converter 208, and a plurality of multiplexed symbols 
are outputted in parallel to IFFT section 210. 
[0099] Serial/parallel conversion by S/P converter 208 
is carried out by symbols constituting pairs where 
Q- component s are mutually substituted being superimposed 

25 with subcarriers constituting pairs . In the event of the 
above example, rather than carrying out serial/parallel 
conversion where a symbol composed of I component #1 and 
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Q component #4 and a symbol composed of I component #4 
and Q component #1 are superimposed with subcarriers of 
neighboring frequencies, conversion is carried out in 
such a manner so as to superimpose carriers of pairs with 
substantially different frequencies . 

[0100] Multiplexed symbols outputted in parallel from 
S/P converter 208 are subject to inverse fast-Fourier 
transformation by IF FT section 210 soas tobe superimposed 
with a plurality of subcarriers. At this time, symbols 
constituting pairs are respectively superimposed with 
pairs of subcarriers . Subcarriers for which multiplexed 
symbols are superimposed are outputted to transmission 
power control section 212 and transmission power control 
is carried out with respect to combined transmission power 
of pairs of subcarriers as with the first embodiment. 

[0101] According to this embodiment, pairs of symbols 

obtained through modulation diversity are superimposed 

with respective pairs of subcarriers and combined 

transmission power of the pairs of subcarriers is 

increased or reduced. The range of fluctuation of 

transmission power is therefore made small so that 

convergence on a target transmission power can be rapidly 

achieved, and diversity results are also obtained by 

transmitting subcarriers where the I component and Q 

« 

component for one symbol are of different frequencies. 
[0102] In each of the above embodiments, a configuration 
is provided where an amount of control of combined 
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transmission power is determined from combined received 
power of pairs of subcarriers at a receiving apparatus 
but, for example, it is also possible to feed back combined 
received power of each pair of subcarriers from the 
5 receiving apparatus and decide amount of control of 
combined transmission power taking into consideration 
loss occurring in a transmission path at the transmission 
apparatus. In this case also, the amount of information 
fed-back is equal to half the number of subcarriers and 
10 increase in the amount of information fed back can be 
prevented . 

[0103] The above is a description of each of the 
embodiments of the present invention. 

[0104] Each function block employed in the description 
15 of each of the aforementioned embodiments may typically 
be implemented as an LSI constituted by an integrated 
circuit. These functions may each be individually 
incorporated on a single chip or may also be incorporated 
on a single chip collectively or in their entirety. 
20 [0105] Further, "LSI" is adopted here but this may also 
be referred to as "IC", "system LSI", "super LSI", or 
"ultra LSI" etc. depending on differing extents of 
integration. [0106] Further, the method of circuit 
integration is not limited to LSI ' s, and implementation 
25 using dedicated circuitry or general purpose processors 
is also possible. 

After LSI manufacture, utilization of an FPGA (Field 
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Programmable Gate Array) or a reconf igur able processor 
where connections and settings of circuit cells within 
an LSI can be reconfigured is also possible. 
[0107] Further, if integrated circuit technology comes 
5 out to replace LSI's as a result of the advancement of 
semiconductor technology or a derivative other technology, 
it is naturally also possible to carry out function block 
integration using this technology. Application in 
biotechnology is also possible. 

10 [0108] A configuration of a first aspect of a 
multicarrier communication apparatus of the present 
invention adopts a superimposing section superimposing 
corresponding transmission symbols with groups of 
subcarriers that are a plurality of subcarriers combined 

15 together in predetermined numbers, a control section 
controlling combined transmission power of the groups 
of subcarriers the transmission symbols are superimposed 
upon, and a transmission section transmitting 
multicarrier signals obtained by controlling the combined 

20 transmission power. 

[0109] According to this configuration, because 

corresponding transmission symbols are superimposed with 
groups of subcarriers and transmission takes place by 
controlling combined transmission power of groups of 

25 subcarriers, the receiving apparatus only has to feed 
back information for transmission power control for each 
group of subcarriers. It is therefore possible to reduce 
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the amount of information required for feedback and the 
transmission apparatus can reduce the range of 
fluctuation of transmission power of each subcarrier by 
distributing the amount of combined transmission power 
5 control for subcarrier groups evenly across each 
subcarrier belonging to the subcarrier group, and it is 
therefore possible to rapidly converge on the target 
transmission power. 

[0110] Asecondaspectofthe mult i carrier communication 
10 apparatus of the present invention adopts a configuration 
where the superimposing section is comprised of an 
acquisition section acquiring only the number of 
subcarriers where the same transmission symbol is 
contained in the subcarrier group, wherein acquired same 
15 symbols are superimposed with each subcarrier of the 
subcarrier group. 

[0111] According to this configuration, because the same 
symbols for a number of subcarriers contained in a 
subcarrier group are superimposed with each subcarrier 
20 of the group of subcarriers, the same symbol is transmitted 
by subcarriers of different frequencies and the influence 
of frequency-selective fading in the transmission path 
can be reduced. 

[0112] A third aspect of a multicarrier communication 
25 apparatus of the present invention adopts a configuration 
where the acquisition section comprises a repetition 
section duplicating just transmission bits for a number 
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of subcarriers contained in the sets of subcarriers, and 
a modulation section modulating duplicated transmission 
bits using an M-ary number corresponding to the number 
of subcarriers so as to acquire the same symbols as for 
5 the number of subcarriers. 

[0113] According to this configuration, only 

transmission bits for the number of subcarriers contained 
in a subcarrier group are duplicated and modulation then 
takes place using an M-ary number corresponding to this 
10 number of subcarriers. The same symbols for the number 
of subcarriers contained in a subcarrier group can 
therefore be reliably generated. 

[0114] According to a fourth aspect of a multicarrier 
communication apparatus of the present invention, the 

15 superimposing section comprises a separating section 
separating transmission symbols into in-phase components 
and orthogonal components, and a combining section 
substituting and combining one of the in-phase component 
and orthogonal component obtained through separation with 

20 a symbol to be paired with the transmission symbol . Here, 
the transmission symbol after combination and the symbol 
to be paired with the transmission symbol are superimposed 
with each subcarrier of the subcarrier group. 
[0115] According to this configuration, the 

25 transmission symbols are separated into in-phase 
components and orthogonal components . One of these 
components is then substituted with the symbol to 
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constitute a pair, and the symbol after combination is 
superimposed with each subcarrier of the group of 
subcarriers . Respective in-phase components and 

orthogonal components of transmission symbols are then 
5 transmitted using subcarriers of different frequencies. 
It is therefore possible to reduce the influence of 
frequency-selective fading occurring in the transmission 
path . 

[0116] In a fifth aspect of a mul t icarrier communi ca t i on 

10 apparatus of the present invention, the control section 
controls combined transmission power in accordance with 
a command transmitted from a remote communication station 
indicating a difference in power between combined 
received power for the subcarrier group at the remote 

15 communication station and desired target received power. 
[0117] According to this configuration, because 

combined transmission power is controlled in accordance 
with a command indicating a difference in power between 
combined received power for a group of subcarriers 

20 occurring at a remote communication station and desired 
target receiving power, it is possible for combined 
received power of a group of subcarriers at the remote 
communication station to rapidly converge with the 
desired target received power. 

25 [0118] A sixth aspect of a multicarrier communication 
apparatus of the present invention adopts a configuration 
where the control section increases and decreases 
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transmission power of each subcarrier in such a manner 
that power corresponding to the difference in power is 
distributed evenly across each subcarrier of a subcarrier 
group . 

5 [0119] According to this configuration, transmission 
power is increased and decreased by distributing power 
corresponding to a difference in power evenly between 
each subcarrier of a group of subcarriers. It is 
therefore possible to make the range of fluctuation of 
10 transmission power small with respect to the case of 
carrying out transmission power control individually for 
each subcarrier where the range of fluctuation of 
transmission power is substantial. 

[0120] A seventh aspect of a multicarrier communication 
15 apparatus of the present invention adopts a configuration 
where the control section controls the combined 
transmission power in accordance with combined received 
power information for the subcarrier groups notified by 
the remote communication station. 
20 [0121] According to this configuration, combined 
transmission power is controlled according to combined 
received power information for a group of subcarriers 
notified ofbya remote communication station. This means 
that only combined received power information is 
25 transmitted, and it is therefore possible to reduce the 
amount of arithmetic processing for controlling 
transmission power occurring at a remote communication 
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[0122] An eighth aspect of a multicarrier communication 
apparatus of the present invention adopts a configuration 
comprising a receiving section receiving a multicarrier 
5 signal containing a plurality of subcarriers, a measuring 
section measuring combined received power for groups of 
subcarriers formed by combining predetermined numbers 
of subcarriers contained in the multicarrier signal, a 
calculating section calculating a difference in power 
10 between the measured combined received power and desired 
target received power, and a notifying section notifying 
a remote communication station of the calculated 
difference in power. 

[0123] According to this configuration, combined 
15 received power is measured every group of subcarriers, 
and a remote communication station is notified of 
difference in power between combined received power and 
desired target received power. The remote communication 
station then increases or decreases combined transmission 
20 power of groups of subcarriers only by power corresponding 
to the notified difference in power and it is possible 
to carry out rapid transmission power control. 
[0124] A ninth aspect of a multicarrier communication 
apparatus of the present invention is further comprised 
25 of a combining section combining symbols superimposed 
on each subcarrier of the groups of subcarriers, and a 
demodulating section demodulating symbols acquired by 
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combination . 

[0125] According to this configuration, symbols 

superimposed with each subcarrier of a group of 
subcarriers are combined and demodulated. It is 
5 therefore possible to obtain reliable demodulation 
results for which the influence of frequency-selective 
fading is reduced. 

[0126] A first aspect of a transmission power control 
method of the present invention comprises: a 

10 superimposing step of superimposing corresponding 
transmission symbols with groups of subcarriers that are 
a plurality of subcarriers combined together in 
predetermined numbers, a control step of controlling 
combined transmission power of the groups of subcarriers 

15 the transmission symbols are superimposed upon, and a 
transmission step of transmitting multicarriers signals 
obtained by controlling the combined transmission power. 
[0127] According to this method, because corresponding 
transmission symbols are superimposed with groups of 

20 subcarriers and transmission takes place by controlling 
combined transmission power of groups of subcarriers, 
the receiving apparatus only has to feed back information 
for transmission power control for each group of 
subcarriers. It is therefore possible to reduce the 

25 amount of information required for feedback and the 
transmission apparatus can reduce the range of 
fluctuation of transmission power of each subcarrier by 
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distributing the amount of combined transmission power 
control for subcarrier groups evenly across each 
subcarrier belonging to the subcarrier group, and it is 
therefore possible to rapidly converge on the target 
transmission power. 

[0128] According to a second aspect of a transmission 
power control method of the present invention, in a 
transmission power control method controlling 
transmission power of a transmission apparatus using 
received power occurring at a receiving apparatus, the 
receiving apparatus receives a multicarrier signal 
containing a plurality of subcarriers, measures combined 
received power for groups of subcarriers formed by 
combining predetermined numbers of subcarriers contained 
in the multicarrier signal, measures combined received 
power for groups of subcarriers formed by combining 
predetermined numbers of subcarriers contained in the 
multicarrier signal, and notifies the transmission 
apparatus of the calculated difference in power. The 
transmission apparatus superimposes mutually 

corresponding transmission symbols with each subcarrier 
of the subcarrier groups, controls combined transmission 
power of the subcarriers the transmission symbols are 
superimposed with according to a difference in power 
notified of by the receiving apparatus, and transmits 
a multicarrier signal obtained by controlling the 
combined transmission power. 
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[0129] According to this method, the receiving apparatus 
measures combined received power each group of 
subcarriers and notifies a remote communication station 
of a difference in power between the combined received 
5 power and the desired target received power. The 
transmission apparatus superimposes mutually 

corresponding transmitted symbols onto the groups of 
subcarriers and performs transmission while controlling 
combined transmission power of the groups of subcarriers 

10 according to the difference in power given notification 
of by the receiving apparatus. It is therefore only 
necessary for the receiving apparatus to feed back 
information for transmission power control every group 
of subcarriers and it is therefore possible to reduce 

15 the amount of information it is necessary to feed back. 
The transmission apparatus is then capable of making the 
range of fluctuation of transmission power for each 
subcarrier smaller by evenly distributing the amount of 
combined transmission power control for the groups of 

20 subcarriers evenly across each subcarrier belonging to 
the groups of subcarriers and it is possible for 
convergence on a target transmission power to take place 
rapidly . 

[0130] This specification is based on Japanese patent 
25 application No . 2 0 0 3 - 2 9 5 6 1 3 , filed on August 19, 2003, 
the entire content of which is expressly incorporated 
by reference herein. 
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Industrial Applicability 

[0131] The multicarrier communication apparatus, 

multicarrier communication system, and transmission 
power control method of the present invention are capable 
of reducing the amount of information required for 
feedback, making the range of fluctuation of transmission 
power smaller, and causing a target transmission power 
to be converged on in a rapid manner, and are therefore 
useful as a multicarrier communication apparatus, 
multicarrier communication system, and transmission 
power control method for individually controlling 
transmission power of a plurality of subcarriers. 
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